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Y fIK 549.623.77:553.676(497.11) Opni'HHaiiHH HayHHH paj;

AHTHrOPHT H3 CTPArAPA
(CPBHJA, jyrOCJIABHJA)

0«
MnxoBHJia Jlorapa*

AHTHropHT H3 jiexamrra a30ecTa CTparapH je CBeTJio-3ejieHH npHTKacra MHHepali, KojH ce jaBJha
y nyKOTHHaMa cepneiiTHHHTa. MciiHTHBaHH MacHBHH npHMepaK HMa pejiaTHBHo XoMoreH TeKcrypHH
CKJion, H3pa>KeHe iipetfiepeHTHe opHjenTanHje KpHCTajiHTa, urro je VTBptjeno oiithmkom h penjirencKOM
MeTOnoM. CTpyKTypHe KapaKTepHCTHKe ojipetjene cy HHjiHHHH>CM ;iH<j)paKTorflaMa npeMa nocTynKy
Uehara & Shirozu (1985) a pe3yjrraTH cy: a=5.415(3) A, b=9.238(3) A, c=7.288(3) A, P=91.2°(l), v=364.5 A3
h M=7.91(8). ICcneKTap je THinraaH 3a aHTHropHT ca nonaTHOM ancopniiHOHOM TpaKOM Ha 3400 cni*,, ko-
ja OTKpHBa KaTjoHCKy cyncTHTynHjy y TeTpaejiapcKOM jiHCTy. XeMHjcKH cacraB, npeTcraBJbeH je t()op-
MyjiOM: (Mg5™ FeX jaFeonJ N SiNAlo 13:21016:(OH)775. 3a KOHHeirr reHe3e xpH30THJi-a36ecra y CTpara-
pHMa, npHeycTBO aHTHropirra HVa noce6an 3HalVaj.

Kjbynie pein: aHTHropHT, CTparapH, Cpénja, JyrocjiaBHja, crrpyKTypa, xeMH3aM.
YBO3

AH'raropHT ce o/( ocTanHX cepneHTHHCKHX MHnepalia H3jjBaja H3y3eTHOM
CcTpyKTypoM ca naHSMeiiH'nioM po'rannjoM cjioja y npaBny X-oce (Aruja, 1945;
Kunze, 1956; 1958), *iHMe ce noHHiHTaBajy CTpyKTypHH iianoHH H3a3BaHH jiHMeH-
3HOH3JIHOM necarjiacHuihy oKTaejjapcKor h TeTpaejjapcKor jiHCTa. CTpyKTypa 06-
He y HHTepBajiy 27 j(o 110 A (Zussman et al. 1957; Kunce 1961; Uehara &
Shirozu, 1985). AHTHropHT Ha KOMe cy ojjpefjeHe eKCTpeMHO HHCKe BpejiHocTH
A 0j* 16.8 h 19.1 A (Chapman & Zussman, 1959) noKa3ajio ce jja je KapjiocTy-
paHHT (Mellini & Zussman, 1986). HaHHii Be3HBaH>a jjBa ajiTepHaTHBHa cjioja
npej(JiO»CHD je Kunze (1961), nojjpa3yMeBajyhn jja cynephejinja cajjpacH ocaM
cy6bhejinja, T.j., HenapaH 6poj TCTpaejiapa (17) a napaH 6poj OKTaejjapa (16).
OBaKaB MOQjieli, npii HenapiioM 6pojy OKTaejjapa, H3HCKyje y TaTKaMa HHBep3Hje,
3a joH Mg Koopjpmai;Hjy jjeceT. Uehara & Shirozu (1985), noHyflHJiH cy perne-
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VK'Y -oce. CTpyKTypa HHBep3HOHe 7a'iKe OBaKBor Mojiejia y cyniTHHH je ncra
Kao npeTxoj(iia ajin He 3axreBa iieofiH'inc KoopjinnanHonc rpyne. H3MepeHe
BpejjHOCTH napaMe'rpa cynephe:iHje A ojj 35.4 jjo 47.2 A Ha HH3y y3opaKa jjoBejie
cy j;0 KliacHcjDHKai"Hje CTpyKType aHTHropHTa y Tpa rpyne: M=n, M=(2n+l)/2 h
M~n/2, rjje je M 6poj cy6hejinja y cvnephelinjH a n u,eo 6poj.

Y 30HaMa HHBep3Hije cjioja jtojiasii jio cHCTeMaTCKor nciiviHTaiLa joHa Mg2+h
(OH)_(Kunze, 1961) ihto ynocn Ma:iy ajiH yoHIbHBY pa3JiHKy y xeMHjcKOM cacTa-
By aHTHropiiTa h jipyrnx cepneHTHiicKiix MHiiepajia (W hittaker & W icks, 1970;
Dungan, 1979). H3 Tor pa3Jiora, aHTHropHT ce, y cTporoM CMHCIy, He MO*e CMa-
TpaTH CepneHTHHCKHM UQJIIHMIOp(JYOM Beh nOCe6HOM MHHepalJIHOM BpCTOM y CHCTe-
MaTHi"H cepneHTHiicKHx MHHepajia.

Bpoj ny6jiHKOBaHHX paj(OBa, y KojHMa je y Behoj hjih Maitoj Mepn o6pa”*cn h
aHTHropHT, y3HMajyhn y 063Hp 'imaBO nojjpv'ije 6HBiue COPJ, BeoMa je orpaHH-
HeH. TaKO cy no3HaTH aHTHropHTH H3 M hjbebhhe koji Kjiajjn,a (Sijari¢ & Séav-
ni¢ar, 1970; Sijari¢ i dr. 1983) h okojihhc Kynpeca (Séavnicar & Trubelja,
1969). Ca TepHTopnje Peny6jiHKe Cp6nje o6jaBJbeHH cy iiojjann 3a aHTHropHT H3
OKQJiHHe U,pHe TpaBe (Maksimovié, 1961). Majja aHTHropHT y Jie*HHIiTy a36ec-
Ta CTparapn iinje peTKOCT, tc je BepoBaTHO h paHHje 3ana>Ken, 0 ibcmv Y jihtc-
paTypn neMa nojjaTaKa. OBaj pajj, cTora, 3aMHiuji.en je Kao npnjior iio3iiaBan>y
MHHepajiornje oBor Jie>Kiimra a h Kao jionpimoc Hamoj JiHTepaTypn o cepneHTHH-
ckhm MHiiepajiHMa, KojHMa Cp6nja, Kao peTKO Koja 3eMJba, 06njiyje.

ITOJABA H OIIHC

Y HiyMaj(Hjn (Cp6nja), jjeceTaK KHJioMeTapa jy»:iio ojj oji Tonojie, Hajia3H ce
MecTO CTparapn, ca hctohmciihm pvjihhkom a36ecTa y okojihiih. Opyjjn>en>e je
cneii;H4)HmiH "KoscacTH" a36ecT (Pavlovi¢ 1949; 1952; GrimS8iCar & Ocopek,
1959), HacTao npecoBaibeM ycjiej; Biimecl)a3HHX tcktohckhx noKpeTa (Vakanjac,
1968). OBaj THn a36ecrae MHHepajiH3au;Hje BejiHKa je peTKOCT y CBeTy h vnopeji-
jbhb je caMO ca jiokhihtcm a36ecTa Coalingay CAJl, (Mumpton & Thompson,
1975).

y nyKOTHH3Ma, iienocpejmo y3 KoacacTH a36ecT ajm h y okojihhh pyjniHKa,
mo>xc ce Hahn cBeTJio3ejieHH cepneHTHHCKH MHHepali. M3jjy>Kenor je 06jiHKa,
iiiTannhacT hjih npHTKacT, KOMnaKTaH, Macnor jio cTaKliacTor cjaja. MacHBHH
npHMepi™H jivscime cy 5 - 15 cm a nonpcmior npeceKa ojj 0.5 jjo 3 cm (cji. 1).

Ha noBpniHHH jacno ce vo'iana crpnjannja npaBneM H3jiy»ceii,a. /1y>K obhx
JiHiinja MHHepali ce, iiojj yj™api;cM, pasjjBaja Ha npHTKe. Ha cji. 1 jio6po ce Mory
BHjjeTH JiHHHje cTpHjau,Hje Hciipccenanc TajiacacraM 30HaMa pasjnmirre TpaHcna-
pcimnje. OBaKBa TCKCTypa KapaKTepHCTimna je 3a >Kimiic cepneHTHHe Kojn Ha-
CTajy y Kacmijoj 4>a3H cepneHTHHH3aijHje (Logar & Pavlovié, 1979).

MHKPOCKONCKA 3AIIN>K VH \

CepneHTHHCKIi MHHepaliH a h cepneHTHHHTH cy KpmrroKpHCTajiacTH arpe-



raTH. BeJiH"HHa KpncTajiHe HH"HBHflye je pejja MHKpoMeTpa. CTora H>eH 0Cjihk
HHje Moryhe yo’iHTH n0JiapH3aHHOHHM MHKpocKonoM Haj6ojbe pe30Jiyii,Hje na iih
H3BpniHTH Hj(eHTH("™)HKanHjy BpcTe cepneHTHHCKor MHHepajia. Oho ihto ce nojj
MHKpocKonoM yoHaBa jecTe cjiHka Maibe hjih Bnrne cejieKTHBIiior noTaMibeita,
3aje"HHHKH pe3yjiTaT cKyna KpncTaliHHX HiijjHBHjiya h H,nxoBor eKCTHHKHHonor
nojioacaja npeMa BnGpanHonHM CMepoBHMa MHKpocKona. Ha OCHOBy Tora,
oiithiikom aHajiH30M TajiacacTor noMpa'ieiha, Moace ce jjohii jjo Hiic*opMannja o
TeKCTypHOM cKJiony y3opKa. (Pavlovié i dr.,1977).

Cn. 1. Ahthi opht H3 CTparapa. Y"HVeH3Hje 8.5x3.5 cm.
Fig. 1. Antigorite from Stragari. Dimension 8.5x3.5 cm.

HMajyhn to Ha yMy, MHKpocKoncKH npenapaTH cy HanpaBJbeHH ojj TpH pa-
3JIHHHTO opHjenTHcana npeceKa je/uior y3opKa MHHepalia (cji. 1), y oj(nocy Ha
Cliejiehe MO0pc{)0Ji0iUKe eJieMeHTe:

1) napajiejiHo H3j"yaceiby h napajiejiHO paBHH cTpnjannje;

2) napajiejino H3jjyaceiby h OpTOrOHajiHO paBHH c'ipnjannije;

3) OpTOrOHajiHO npaBHy H3j(y>Keii)a.
je 6e36o0jaH, 6e3 yo'uiniBor nojinxpoH3Ma. Ha u;ejioj noBpuiHHH npenapaTa on-
thhkh KapaKTep ocTaje HeH3MeH>eH. noMpa'ien>e je XOMOreHO, napajiejino npaB-
HHMa ii;enJoHBOCTH (c'ipHjannjn). MHHepaji ce noHarna Kao jejiniiCTBen KpHCTali.
Mmh cHBe n0JiapH3ai*HOHe 60je. Oiith'ikh KapaKTep H3jjy>Keii.a je no3HTHBaH. Ha
obom npeceKy, jio6nja ce kohockohckh peJiaTHBHo ouiTpa HHjuiKaTpnca na cy mo-
ryha TeojiojniTiia Mepeii>a. MHHepaji je onTH'IKH HeraTHBan a yrao ohth'ikhx oca
je -2v=57°18'+18', ihto je Ojjpel)eHO H3 rnecT Mepen>a.

npeceK 2). Y npenapaTy O0BOr npeceKa 3anaaca ce cjia6 nojinxpoH3aM. y



npaBiiy H3fly*eHja (Ng) MHHepali je 3ejieH a Np:6e360jaH. 11ompaHeHje je Hexo-
MoreHO.
BacTe TeKCType. Mnnepaji ce hoHauia H30TpOnHO.

H 3 obhx ocMaTpan.a M()»ce ce H3BecTH 3aKJi,y'iaK jia y obom cepneiiTHHCKOM
MHiiepaJiy nocToje iri/UKpcpennnpaiiH oiith'ikh npaiiHH uito je nocjie/inna rpatje
HacTajie iipecjiepeirro opnjeiiTHcaiiHM pacTOM KpncTajia. BapnjaiiHja oirni'ike xo-
MoreHOCTH y 33bhchocth 03 npeceKa roiiopn j/a cTeneH ype"eHOCTH HeMa je/inaK
hhbo y cbhm npaBiiHMa. OnTHHKe o0co6iuie o/ipel)eHe na npeceKy 1 carjiacHe Ccy
aHTHropHTy (Deer, Howie & Zussman, 1962).

PEHarEHCKA AHAJIH3A

Fpa~a MacHBHHX npHMepaKa cepneHTHHCKHX MHHepajia, Moace ce CBpcTaTH
no/i OHaj thii ypei)eH.a KpncTajiacTHX arperaTa, Koje je Bragg (1949) 06yxBaTHO
nojMOM KpncTajine TekCType. OpiijeirranHja cHhyuiHHX KpHCTajia (KpHCTaliHTa) y
OBakKBOM arperary, M<»Ke 6hth o/i cacBHM xaoTHHHe na /io pejiaTHBHO bhcokoi’
CTeneHa ypel)eHocTH. llo/ianH 0 Tome cy 0f/i nocesHor 3Haqaja, jep calipMce
napaMeTpe ycjioBa no/i kojHMa je MHHepaji cTBapaH. H3BecTaH pe/i y CKliony oBor
npiiMepKa Beh je yoneH koji onTHHKor HcnHTHBaita. H3 Tor pa3Jiora, nope/i /ih-
cJjpaKTorpaMa npaxa, CHHMJheHH cy h jinc~paKTorpaMH njioHHiia, HceneHHX H3
y3opKa Ha hcth na'iHii Kao h> MHKpocKoncKH npenapaTH. no3HaTO je /ia koh-
cTpvKHnja /jJHcppaKTOMCTpa oMoryhyje perHCTpoiian.e jincppaKnnje caMO ca ohhx
CTpyKTypHHX paBHH Koje Jie>Ke napajiejiIHO npo3opy /incJjpaKTOMeTpa, na ce H3
HHTeH3HTeTa pecjiJicKCHja Moace H3BecTH 3aKJbynaK o TeKCTypH y3opKa (Logar,
1992).

CBa ciiHMaii.a 06aBJbeHa cy Ha jincj)jpak TOMe'rpy Philips ca Ni-cjiHJiTpnpaiiHM
CuKa 3paHeibeM. npHKynjbeHe d-Bpe/inocTH noKa3ajie cy /ia je Hii/iHiiHpaHje mo-
ryhe caMo na 6a3H CTpyKmrype aHTHropHTa (W hittaker & Zussman, 1956). npe-
Ma MeToliy Uehara & Shirozu (1985), HH/iekCOBaibe cynepcTpyKTypHHX pe-
cpjickcnja cnpoBel/ieHo je vBo~eii.eM napaMeTapcKor o/inoca, M, /iaTHM cjie/iehoM
jeliiaHHHOM:

A ua
A N k2b'2+/2c*2sin2 h')“ Vc' cosh' + ha')

rjile cy A h a napaMeTpn cyiicphejnije h cy6hejnije, u peji cynepcTpyKTypHe pe-
cjiJicKenje ’injn HHjieKC je H3pa>Keii Kao h + u/M. Pe3yjiTaTH cy npHKa3aHH Ha
TabejiH 1.

Hpn6)JiH>Kiie BpejiHocra napaMcrapa a, b, c h P, nponeibene Cy Ha 0CHOBYy
1+ 1/M 3,1 pes)jiekcnjy. Haj3ali, oBe Bpejinoc'ra cy yTagH>eHe 3a cBe pelieKcnje
npHKa3aHe Ha Ta6ejiH 1, MerojioM HajMaiber KBajipaTa. /lo6njeiiH pe3yjiTaTH cy



cjiefleha: a=5.415(3) A, b=9.238(3) A, ¢=7.288(3) A, p=91.2°(l), M=7.91(8) h
A=42.8(4) A. 3anpeMHiia eJieMeiiTapHe cy6hejinje je v=364.5 A3 BpeflHOCT M
BeoMa je 6jiHCKa ocmhhh TaKO jja aHTHropHT H3 CTparapa cnajja y rpyny re je
M=n. OjicTynan,e oji u;elio6pojHe Bpej(iioc'iH Mo»ce 6hth nocJiejinna CTpyKTypHe
HexOMOreHOCTH MaTcpnjajia.

Ta6ejia 1. Pe3yjiTaTH pen/ircncKe flHijipaKkHHjc aHTHropHTa H3 CTparapa. 03HaKe: Ip MiiTeinHTeT
peHffreHCKe flHiJipaKiiHje ca npaxa; I,, 12.13- HHTeH3HTeT peHflreHCKe jjncljpakUHje ca npeceKa 1,2
H 3 npeMa o6jauiH>eH>y y TeKcrry; * npeMa Uehara & Shirozu (1985), BHjjeTH y TeKCTy.

Table 1. X-ray diffraction data of antigorit from Stragari. Labels: Ip - X-ray powder diffraction
intensities; 1,, 12, 13 - X-ray diffraction intensities from cross-section 1, 2 and 3, according to lhe
explanation found in the text; * after Uehara & Shirozu (1985), see text.

m 1, P L h k 1
100 100 27 2 7.288 7.288 0 0 1
2 .36 4621 4621 0 2 0
100 51 18 1 3641 3.644 0 0 2
1 3071 3072 0+1/M 3 0

2.970 2,964  0+4/M 3 0

10 2.701 2.706  2-1/M o T

29 . 2.556 2.556 2 o |

35 1 100 1 2518 2519 2 o |1
1 - 2.452 2452  1+1/M 3 1

40 5 . 2.428 2429 0 0 3
1 2.403 2405  0+3/M o T

3 2309 2309 0 4 0

2 2 : 2.212 2212 1-1/M 1]
10 - 6 - 2.147 2150 2 0o 2
20 3 1 - 1.822 1822 0 0 4
6 . - 100 1.540 1540 0 6 0
- 1.507 1506 0 6 1

10 1 : 1.458 1457 0 0 5
1 1418 1418 0 6 2

8 . 1.336 1336 4 o |1

2 n 1.314 1314  4-1/M 0 2
9 : 1.301 1299 3 3 3

1.290 1291  4-4/M 0 3

2 9 : 1.281 1282  1-2/M 6 T

Ha jjH(J)paKTorpaMHMa npeceKa H3jjiiajajy ce, bhcokhm HHTeH3HTeTOM, 'rpn
paajiH’iH'ra Tiina pc(j)jicKcnja. Ha npeceKy 1 001, na npeceKy 2 hOl h 3Harao cjia-
Giije 001, h na npeceKy 3 OkOn 3iiaTHO cjia*Hje Okl (Ta6eJia 1). Y ojjHocy Ha jih-
c{)paKTorpaM npaxa, OBaKBa pacnojjejia HHTeH3HTeTa nocjiejjmja je npe(J)epeHTHe
opnjciiTaitHje MiiKpoKpncTajia y CKJiony y3opKa. TeKCTypa 0BOr y3opKa aHTH-
ropHTa nocejjyje, jjaKJie, jjncTHIIKTHBHe KpncTajiorpac”cKe npaBHe OpTOrOHajiHO
paBHHMa npeceKa. FhiiMa je carjiacna, paHHje ojipe”ena, oiiTHriKa HiijiHKa'ipiica.



Kphctbjiorpacjickc KapaKTcpncrnKe TeKCType y o/ihocv na MopcjiojioiiiKc ejie-
MeHTe npiiKa3aHe cy Ha Ta6ejiH 2.

Tabejia 2. 03HaKe: Il - npeceK; BC - Bn6paiiHOHH CMep; JI,KII - flIOMHHHTHH KpHcraldiorpatficKH
npaBaii (oca)
Table 2. Labels: P —cross-section; VS —vibration direction; DKP — dominant crystalografic direction

(axes)
p ME VS hkl I(max) DKP
| pa3jtBajan>e (I parting) Np 001 z
2 Il pa3fiBajaibe (Il parting) Nm hol
3 H3j”yaceibe h CTpHjaimja Ng OO y

(elongation and striations)

HHOPAHPBEHA CnEKTPOCKONHJA

MiicjjpanpBciiH cneKTap aHTHropHTa y o6jiacTH 4000 - 400 cm™1, ncnojhaBa
rpH 6hthc KapaKTepncTHKe Koje ra H3j(Bajajy oj[ cneKTapa jipyrnx cepneHTHH-
ckhx MHHepajia. TO je nojaBa camo jejnie Tpake na 3690 crrfly o6jiacra BajieH-
thhx (OH) BHeépaii,Hja (Brindlay & Zussman, 1959), Koja noraHe 0j( cnoJbaui-
h>hx (OH) rpyna. 3araM, jejjaH ouiTap Ha 570 cm-1 h cjia6, ajiH Bpjio KapaKTepn-
CTHHaH ancopni”HOHH MaKCHMyM Ha 1200 cm_1, Kojn norany oj* Mg - O "in plane”
(Yariv & Heller-Kallai, 1975) h Si-O-Si (Yariv, 1986) BH6paHHja, pecneK-
THBHO

Behn 3Haiiaj 0jj jieTepMHiiaraBHor, IC cneKTpn HMajy 3a npoyHaBaibe H30-
mop4)hhx 3aMeHa y CTpyKirypn cepnenrana. Y tom norjiejiv cneKTpaliHa o6jiacT
BajieHTHHX BH6pau;Hja (OH) rpyna je 0j( napoHirre Ba™Kiiocra. ()bjjc HajBehn hh-
TeH3HTeT HMa rpaka Koja je iiocjiejinna Bn6pannja cnojbauiibHX (OH) rpyna. llo-
MaK ibeHor Bpxa npema iih>khm cfTpekBeiinnjaMa ca pacTOM joHCKe 3aMcCHe Yy
Terpaej(apckOM JiHCTy yrapj(HJiH cy Serna et al. (1979). Uehara & Shirozu
(1985) Hajia3e cjinnaH TpeHjj y 3aBHCHOCTH ojj cyncraTyHHje MarHe3HjyMa jjBOBa-
JieHTiiHM rBO>Kl)eM, Ha 22 aHTHropHTa H3 JanaHa. C 063HpOM Ha ojicvctbo Tpake
Ha 3400 cm*“, CTeneH cvncTiriTnnje y TeTpaejtapcKOM CjiOjy ibHXOBHX y3opaKa,
CBej~eH je Ha MHHHMyM. HaHMe, Heller-Kallai et al. (1975) nocTyjiHpajiH CY ko-
pejianiijv H3Mei)y HHTeH3HTeTa TpaKe Ha 3400 cm 1h CTenena 3aMeHe Y TCTpae-
jiapcKOM cjiojy. Serna et al. (1979) eKcnepHMeirraliHO noTBpl)yjy pacT HHTeH3H-
TeTa OBe TpaKe ca KOHijeHTpaHHjoM aJiyMHHHjyMa Y TeTpaejiapcKOM nojio»cajy.

IC cneKTap aHraropHTa H3 CTparapa cnHMJben je yo6HHajeHOM TexiiHKOM
npecoBaiba nacrajia ca KBr. Y3opaK je npeTXOj(HO 3arpeBaH Ha 350°C a npej(
npecoBaibe cyrueH sajcjuio ca KBr na 70°C y BaKyyMy. CneKTap je jto6)Hjen Ha
Perkin-Elmer 597 ciieKTpo(j)oroMeirpy npnKIbVMCHOM npeKO AD-KOHBepTOpa na
PC-286 panyHap ca 6p3HHOM y30pKOBaiba ojj 1 kHz. KapaKTepncraHHe o6jiacra
cneKTpa npHKa3aHe cy Ha cji. 2. Y HHTepBajiy o0jj 4000-3000 cm”l1yonaBajy ce Tpa-
Ke Ha 3700-3750, 3678 h 3400 cm '. Ha 570 h 1200 cm*1, bhjic ce paHHje noMeHyra
jtnjarHOCTHHKe TpaKe. Ha 3700-3750 cnT1jaBJba ce ancop6oBaibe ojj BH6paiiHja



yiiyTpainn,nx (OH) ipyna. Aiicopni;iionii MaKciiMyM TpaKe BajieiiTHHX ociuuia-
u,nja ciiojpamn>;ix (OH) rpyna npeijimio je ojipetjen na 3678 cm™1 Oh HMa pejia-

HiijiHnnpa iipncycTBO ajiyMHHHjyMa y ‘rerpaejjapcKHM nojio>KajiiMa.

Gn. 2. 1liKjipaiipBCHM cneKTap anTHropiiTa H3 CTparapa.
Fig. 2. Infraicd spectrum of Antigorite from Stragari.

XEMHJCKH CACTAB

XeMHjcKii cacraB airraropHTa ojpeljen je ciuiHKaTHOM aHajimoM. Fbojk~c y
o06a BajieiiTiia cTaii>a oj(pcl;eno je EOJij'McrpnjcKii (KMn04), THTan KOJiopiiMeT-
pnjcKH a naTpnjvM i; KajuijvM iiJiaMeiio(J)JOTOMeTpnjcKH. Cajjpscaj kohcthtvhhohc
Bojje ojjpel)en je na BTA-TGA anapaTypn MOM - Derivatograph c. Pe3yjiTaTH cy
npHKa3aim na Ta6ejn; 3. Ma.na ajni jacna pasjiiiKa y xeMHjcKOM cacTaBy H3Mefly
anniropHTa n jipyrnx ccpiieirniiicKHx Miinepajia npoy3poKyje h Hecjiaran>e ca
xeMiijckOM Cj)opMyJi(JM Mg6Si4d0 10OH)8. Kunze (1961), npejriojKHO je (})opMyjiy
aHTHropHTa 6a3iipany na ‘ieT])acjjapcKoj jcjjHiinnn. Uehara & Shirozu (1985),
yHoce y n>y nob6oji>iuaH>a, 3acnoBana, npeMa cbom CTpyKTypHOM Mojjejiy, na
GKTaejjapcKoj jejinimnn:

M g ftS 14(1+1/2M )010(1+1/2M ) (O H)s-m i (a)

M je jjaro jcjuiaTinioM (l) BpOj KaTjona hs xeMiijcke anajnne H3pa'iyiiar je Ha
6asn (14 + 4/M) KHceoiniKa h npHKa3an (JopMyjiom (b). Ona je Yy Bpjio j(o6poj



carjiacHOCTH ca dpojeM KaTjoHa y OKTae™apcKOM h TeTpaeflapcKOM JiHCTy H3paqy-
HaTOM KopnuiheiLCM caMo lipefliioc'iHM=7.91 (c|i()pMyjia (C)).

(Mg58Fe o0.4Me 0.11)6.09("4.08M0.13)4.21M0.63(M)7.75 (b)
Mg6Si4250 los3(OH)775 (c)

M 3BecHo ofICTynaH>e nocTojn Y cajjp>Kajy BOfle. Ah3jihthhkh no~aTaK, Ha-
HMe, HCKa3yje MaibaK o;i 0.50 %. Elo3HajyhH 3anpeMHHy eneMeHTapHe cy6helinje,
npeMa cacraBy H3 rJiopMVJie (b) H3pa'iynara je rycTHHa aHTHropHTa Koja h3iioch
2.62(1) g/cm iuto je BeoMa 6jihcko H3MepeHoj BpejiiiocTH oj( 2.605 g/cm3.

% TaGcjia 3. X_eMHj<_:Ka aHajuoa aHTHropHTa m CTparapa
(AnaJiHTH'iap M. Jlorap).
SiO, 42.68 Table 3. Chemical analysis of Antigorite from Stragari
TiO, - (Analyst M. Logar).
Al1,0-, 1.19
F'Ot 1.96
FeO 1.35
MgO 41.03
Ca0o 0.14
Na,0 0.13
K,0 0.09
H,0+ 11.65
H?20 0.10
S 100.32
3AKJIby*IAK

IIpo6jieM oko HHTepiipeTannje HacTaHka HcnHTHBaHor aHTHropHTa, jaBJba
ce CTorajep cy rpa>KeHH TcpMojjHiiaMHHKH ycjioBH irniajj noTpe6HHx 3a HacTanak
thm, jja ce cjiopMnpaibe TeKCTypHor CKJiona aHTHropHTa H3 CTparapa, ojjnrpajio
nofl jrejcTBOM ycMepeHor npHTHCKa ca CMHiiaiteM Kojn je, npecoBaiteM, jjoBeo h
a36ecT y 3aMpiueHo—BJiakHacTH, "Ko>KacTn", arperaT. To je, y cbbkom cjiyiiajy,

nojiBecTH noji jiBa cjiyqaja: 1) llocTojajiH cy xpH30THJi-a36ecT h aHTHropHT h 2)
riocTojao je caMO xpH30THJi-a36ecT. Tpehn cjiynaj, KojHM Ce nojipa3yMeBa caMO

M aiinjy xpH30THJia Y aHTHropHT nporpecHBHHM MeTaMO0p4)H3MOM, iuto npejiBH"a
cjiynaj 2, npara HacTaHaK epyiiHTa. Hajia3aK XHj*poMarHe3HTa (Pavlovi¢, 1952;
Nikoli¢ i dr., 1980) y CiparapHMa, cyrepHiue Hjiejy 0 TpaHc*opMaHHjn 6pynn-
Ta HaKHgjiHOM XHjip0 TepMajiHO M aKTHBHOIuhy (H2D + H2C03), na iberoBO iipncyc-
tbo y Jie>KHurry a36ecTa C'-iparapn Tpe6a jiCTajbiio HcnHTaTH.
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ANTIGORITE FROM STRAGARI
(SERBIA, YUGOSLAVIA)

by

Mihovil Logar

Antigorite from Stragari asbestos deposit is light green, lath-shaped mineral, found in serpentinite
fractures. The examined massive specimen has relatively homogenous textural fabric of a marked prefe-
rential micro-crystals orientation, as observed by optical and X-ray examinations. Structural features have
been determined from X-ray data, by the indexing method after Uehara & Shirozu (1985), and are
the followving: a=5.415(3) A, b=9.238(3) A, c=7.288(3) A, P=91.2°(l), v=364.5 A3and M=7.91(8). IR
spectrum is typical of antigorite with an additional absorption band at 3400 cm’l, which reveals a catio-
nic substitution in tetrahedral sheet. The chemical formula is

(M g5.84Fe 0.14F e +0.11)6.09(~"~4.067"0.13)4.21010.63(0~)775
The presence of antigorite is particularly important for the genetic concept of chrysotile asbestos
at Stragari.

Kcy words: Antigorite, Stragari, Serbia, Yugoslavia, structure, chemistry.
INTRODUCTION

Antigorite is distinguished from other serpentine minerals by the exceptional
structure of altemating layer rotation in X-axis direction (Aruja, 1945; Kunze,
1956; 1958), which relieve structural misfit caused by dimensional incongruence of
octahedral and tetrahedral sheets. The altemating wave shape structure has a super-
-period (A) within the plausible value range from 27 to 110 A (Zussman et al.,
1957; Kunce 1961; Uehara & Shirozu, 1985). Antigorite of the determined ex-
tremely low A values, from 16.9 to 19.1 A (Chapman & Zussman, 1959), proved
to be carlosturanite (Mellini & Zussman, 1986). The manner of two altemative
layers linkage is proposed by Kunze (1961), provided that a supercell contained
eight subcells, or an odd number of tetrahedrons (17) and an even number of octahe-
drons (16). This model, with an odd number of octahedrons, requires in inversion
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points, coordination ten for Mg ion. Uehara & Shirozu (1985), offer their solution
for similar cases, predieting a shift of every other half-wave by b/2 along Y-axis.
The inversion point structure in this model is essentially identical with the preceding
one, only it does not need unusual coordination groups. Values of supercell A pa-
rameter from 35.4 to 47.2 A measured on many samples led to the antigorite structure
classification into three groups: M=n, M=(2n+1)/2 and M~n”~~here M is the number
of subcells in a supercell, and n is integer.

In a layer reversion zones, Mg2+ and (OH) ions are consistently omitted
(Kunze, 1961) resulting in a small but notable difference, in the chemical composi-
tion between antigorite and other serpentine minerals (W hittaker & W icks, 1970;
Dungan, 1979). This is the reason why antigorite sensu stricto cannot be taken
for a serpentine polymorph, but a separate type in serpentine mineral systematic.

There are only few published papers in which more or less consideration is
given to antigorite from the entire territory of ex Yugoslavia. Thus, antigorite has
been known from Miljevica near Kladanj (Sijari¢ & Scéavnicar, 1970; Sijari¢ et
al., 1983) and Kupres area (S¢avnic¢ar & Trubelja, 1969). For the Republic of
Serbia there is published information on antigorite near Cma Trava (Maksimovic,
1961). Although antigorite in asbestos deposit of Stragari is not uncommon, and has
probably been noted earlier, it is not reported in geologic literature. Hence, this work
is conceived as a contribution to the study of mineralogy of this deposit, and the na-
tional literature on serpentine minerals in which Serbia is abounding like few other
countries.

OCCURRENCE AND DESCRIPTION

Stragari and the asbestos mine of the same name are located some ten kilometers
south of Topola in Sumadija, Serbia. The mineralisation is a specific asbestos
"mountain leather" (Paviovi¢ 1949; 1952; Grim§i¢ar & OcCopek, 1959), produced
by pressing from multi-phase tectonic movements (Vakanjac, 1968). This type of
asbestos mineralisation is extremely rare over the world and comparable only with
Coalinga asbestos deposit of the U.S.A. (Mumpton & Thompson, 1975).

In fractures, beside asbestos, light green serpentine mineral can be found. The
mineral is rodlike or lath—shaped, compact, lustre greasy to vitreous. Massive speci-
mens are mostly 5-15 c¢cm long and 0.5 to 3 cm in cross-section (Fig. 1). Striation,
in the elongation direction is apparent. The mineral, under strike, separates into laths.
Striation lines, intersected by undulatory zones of varied transparency are well visible
in Fig. 1. This texture is typical of vein serpentine formed in a late stage of serpenti-
nisation (Logar & Pavlovi¢, 1979).

MICROSCOPIC OBSERVATIONS
Serpentine minerals and serpentinites also, are cryptocrystalline aggregates. Indi-

vidual crystal size is of a micrometric order. That is why its shape is not discemible
under the polarizing microscope of the best resolution, or the serpentine mineral type



identifiable. Exception is a fibrous chrysotile, where the common identification is pos-
sible. What is observed under the microscope is a figure of more or less selective ex-
tinction, a common results of a set of individual crystals and their orientation to the
microscope's vibration directions. On this basis, optical analysis of undulatory extinc-
tion can be used to acquire information on the textural fabric (Pavlovi¢ et al.,
1977).

Bearing this in mind, thin section were made of three slices which were cut
from the specimen (Fig. 1) according to the following morphological elements:

1) Parallel to length and parallel to striation plane;

2) Parallel to length and perpendicular to striation plane;

3) Perpendicular to length;

Slice 1). Optical uniformity is visible in this thin section. The mineral is color-
less, without notable pleochroism. Optical properties are unvaried all over the section
surface. Extinction is homogenous, parallel to striation direction. The mineral behaves
as a single crystal. It has gray polarization color and exhibit parallel extinction with
positive elongation. The optic-axis figure is relatively sharp: -2V=57°18'+18', deter-
mined from six measurements.

Slice 2). In this thin section a week pleochroism is perceptible. In the elongation
direction (Ng), mineral is green, but perpendicular to it (Np) is colorless. Extinction is
not homogenous.

Slice 3). Fractures, visible in more then one direction, giving the impression of
lenticular texture. Extinction is permanent, the mineral seems isotropic.

The above observation lead to the conclusion that optical directions in this ser-
pentine mineral are differentiated as a result of the fabric formed by the preferentially
oriented crystals growth. The variation in optical homogeneity, dependent on the
cross-section, implies that the order is not equal in all directions. Optical properties
determined on slice 1) are consistent with antigorite (Deer, Howie & Zussman,
1962).

X-RAY ANALYSIS

The constitution of massive serpentine mineral specimens can be included in the
type of cryptocrystalline aggregate arrangements which Bragg (1949) classified as
the crystal texture. The orientation of crystallites in such an aggregate may be quite
chaotic to relatively highly ordered. This information is particularly important, because
it includes parameters of the conditions under which the mineral was formed. Certain
order in this specimen’s fabric has been noted by optical examination. For this reason,
X-ray diffractograms were recorded, besides the powder, from the slices cut in the
same way as microscopic thin sections. The construction of a diffractometer is known
to provide for diffraction recording only of those structural planes which lie parallel
with the diffractometer window. Therefore, the reflection’ intensity are indicative for
an micro-crystals preferential orientations existence.

For all recordings a Philips diffractometer was used with Ni—filtered CuKa ra-
diation. The obtained d-values showed that indexing was possible only on the basis



of antigorite structure (W hittaker & Zussman, 1956). The indexing of superstruc-
tural reflections was performed using a parametric ratio, M, expressed by the follovv-
ing equation (Uehara & Shirozu (1985):

A ua

~{k2'2+12c 2sin2b*)- (Ic cosb' +ha")

Where A and a are parameters od supercell and subcell, respectively, u is the order
of superstructural reflection whose index is expressed as h + u/M. The results are
given in Table 1

Approximate values of a, b, ¢ and p, were estimated from reflections hOIl, OkO
and 001 Then M was calculated from equation 1 using 1+ 1/M 3,1, reflection. Fi-
nally, these values were refined for all reflections shown in Table 1. by the least
square method. The obtained results are the following: a=5.415(3) A, b=9.238(3) A,
c=7.288(3) A, P=91.2°(l), M=7.91(8) and A=42.8(4) A. The subcell elementary vo-
lume is v=364.5 A3.The value of M is very close to eight, thus antigorite from Stra-
gari fell into the group where M=n.

X-ray diffraction pattems of slices are mutually quite different having three
dominant types of reflections: 001 iu slice 1, hOl and much weaker 001 in slice 2 and
OkO and much weaker Okl in slice 3 (Tab. 1). This reflections distribution is a result
of specimen's texture with enhanced micro-crystals preferential orientation. The anti-
gorite fabric has distinctive crystallographic directions perpendicular to slices planes,
consistent with previous determined optical indicatrix. The results are summarized in
Table 2.

INFRARED SPECTROSCOPY

The spectrum of antigorite in the IR frequency region from 4000 to 400 cm"1,
shows three essential properties that differentiate it from spectra of other serpentine
minerals. These include the appearance of only one band at 3690 cm"1 in the range
of stretching (OH) vibrations (Brindlay & Zussman, 1959), which originates from
extemal (OH) groups; then a sharp at 570 cm-1 and a weak but typical absorption
maximum at 1200 cm_1, caused by Mg - O "in plane" (Yariv & Heller-Kallai,
1975) and Si-O-Si (Yariv ,1986) vibrations, respectively.

More than determinative, IR spectra are important for the study of cation substi-
tutions in a serpentine structure, particularly the spectral region of (OH) stretching vi-
brations. A shift of band at 3690 cm4 to lower frequencies with the increasing ionic
substitution in the tetrahedral sheet was identified by Serna et al. (1979). Uehara
& Shirozu (1985) found a similar trend dependent on magnesium substitution by
Fe2+ in series of 22 antigorites from Japan. Because the band at 3400 cm~ is absent,
the substitution rate in the tetrahedral layer of their samples is minimized.
Heller-Kallai et al. (1975) postulated a correlation between the band intensity at



3400 _1 and the substitution rate in tetrahedral layer. Serna et al. (1979) experimen-
tally confirmed this band intensity growth with the aluminum concentration in tetrahe-
dral position.

The IR spectrum of antigorite from Stragari was recorded using the usual tech-
nique of pressing pellet with KBr. The specimen was preheated to 350°C and vacuum
dried together with KBr 70°C before being pressed. The spectrum was recorded on a
Perkin-Elmer 597 spectrophotometer connected to PC-286 computer over a AD in-
terface with sampling rate of 1 kHz. Typical spectral regions are shown in Fig. 2.
Discemible bands in the interval from 4000 to 3000 crrfl are those at 3700-3750,
3678 and 3400 cm * Diagnostic bands are visible at 570 and 1200 cm \ The shoul-
der between 3700 and 3750 cm"1 is assigned to absorption from intemal (OH)
stretching oscillation. The absorption maximum of extemal (OH) stretching oscillation
band is precisely defined at 3678 cm’1 . It has a relatively low value for the Fe +
amount in octahedral sheet. Silicon substitution by aluminum in the tetrahedral sheet,
however, has a similar effect as mentioned before. A clearly visible band at 3400cm
(Fig. 2), indicates the presence of aluminum in tetrahedral position of antigorite from
Stragari.

CHEMICAL COMPOSITION

A silicate analysis was used in determining chemical composition of antigorite.
Iron in both valence states was determined volumetrically (KMn04), titanium co-
lorimetrically, an sodium and potassium by flame-photometry. The constitutional wa-
ter content was determined using DTA-TGA apparatus MOM-Derivatograph C. The
results are given in Tab. 3. A small but obvious difference in chemical composition
between antigorite and other serpentine minerals is responsible for the incongruity
with chemical formula Mg6Si401(OH)8. Kunze (1961), proposed an antigorite for-
mula based on tetrahedral unit. Uehara & Shirozu (1985) introduced in it im-
provements based, according to their structural model, on octahedral unit:

M g6Si4(i+i/2M)O10(1+1/2M)(OH)8"2/M (a)

where M is given by equation (1). Number of cations from the chemical analysis is
calculated on the base of (14 + 4/M) oxygens, and expressed by formula (b). It is
good agreement with the number of cations in octahedral and tetrahedral sheets calcu-
lated using only M=7.91 (formula (c)).

(Mg5.84Fe  0.14pe  0.11)6.09(Si4.08A10.13)4.210i0.63(0H)7 75 (b)
Mg65i4.25010.63(OH)7 ©

There is certain deviation in water content. Analytical result gives a shortage of
0.50%. With the known volume of elementary subcell, according to the composition
in formula (b), antigorite density was calculated to be 2.62(1) g/cm which closely
approximated the measured value of 2.605 g/cm .



CONCLUSION

The problem of the analyzed antigorite origin interpretation arises because the
thermodynamic condition required are higher than those necessary for the formation
of chrysotile, the dominant mineral in Stragari deposit. It is certain, however, that
formation of Stragari antigorite textural fabric evolved under the shearing stress wvhich
also transformed asbestos into fibrous - interlocking, leathery, aggregate. In any case,
this was the final stage of these two minerals formation. What preceded, can come
under two cases: (1) There were chrysotile asbestos and antigorite, or (2) there were
only chrysotile asbestos. A third case, which implies only antigorite as the parent ma-
terial, is excluded, because the stage of intensive shearing stress effects is counterpro-
ductive for chrysotile formation. Cases (1) and (2) are equally probable and require
further study. For example, chrysotile transformation into antigorite by a prograde
metamorphism, implied by case (2), is accompanied by brucite formation. Hydromag-
nesite found at Stragari (Pavlovié, 1952; Nikoli¢ et al., 1980) suggests the pos-
sible brucite transformation by a subsequent hydrothermal activity (HD + H2C03);
thus, its presence in Stragari asbestos deposit should be thoroughly studied.

Translated by the author
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